The present study was designed to determine the spatial distribution of attention in displays in which an irrelevant color singleton was present. The results show that the presence of an irrelevant color singleton modulates target detectability (d′). The presence of an irrelevant singleton reduces the gain for input at the target location, particularly when the irrelevant color singleton was close to the target singleton. In line with earlier claims, it is argued that the capture of attention by the irrelevant singleton causes a reduced sensory input at the target location.
When watching a football game, a particular event (e.g., the sudden change of a billboard) may grab your attention. Did this event grab your attention because you were set for it (i.e., keeping track of things that change), or did it grab your attention automatically even though your top-down goal was to watch the game? This example illustrates one of the most debated questions in the study of visual attention: Can visual stimuli capture attention independently of our goals, beliefs, or intentions? (For recent reviews see, e.g., Ruz & Lupiáñez, 2002; Theeuwes & Godijn, 2001 ). Goal-directed or top-down control of selection refers to the ability to select those areas, objects, features, and events needed for our current tasks. Stimulus-driven or bottom-up selection refers to the capacity of certain stimulus attributes to attract our attention irrespective of our goals and beliefs. When objects or events receive priority independently of the observer's goals and beliefs, we have an example of attentional capture (Yantis & Egeth, 1999) .
In recent years, there have been several demonstrations of attentional capture. For example, Yantis and Jonides (1984;  see also Jonides & Yantis, 1988; Theeuwes, 1990) showed that abrupt onsets and not static feature singletons have the ability to capture attention. In their experiments, there was always one feature singleton present, yet the feature singleton was task irrelevant because its location was uncorrelated with the position of the target.
In other words, participants had no incentive to attend deliberately to the feature singleton. Using this paradigm, Jonides and Yantis (1988; see also Yantis & Egeth, 1999) concluded that only abrupt onsets capture attention exogenously (e.g., automatically). Theeuwes (1991 Theeuwes ( , 1992 Theeuwes ( , 1996 Theeuwes, Atchley, & Kramer, 2000) also investigated attentional capture by feature singletons. Theeuwes (1991 Theeuwes ( , 1992 Theeuwes ( , 1994 ) used a visual search task (known as the additional singleton task) in which two salient singletons were presented simultaneously. The logic underlying the additional singleton task is simple: Participants perform a visual search task in which one item in the display is the target singleton whereas another singleton is completely unrelated and irrelevant to the task. This condition is compared to one in which the irrelevant singleton is not present. For example, Theeuwes (1992) presented participants with circular displays consisting of identically colored circles and one diamond. Line segments of different orientations appeared in the circles and diamonds, and the participants had to determine the orientation of the line segment appearing in the target shape. The target shape for which the participants searched was a singleton, because it was the only diamond present in the display. In the distractor condition, an irrelevant color singleton was also present in the display. Time to find the shape singleton increased when an irrelevant color singleton was present (i.e., when one of the circles was red). The increase in search time in conditions in which an irrelevant singleton was present was explained in terms of attentional capture. Theeuwes (1991 Theeuwes ( , 1992 Theeuwes ( , 1994 argued that irrespective of the attentional set of the observer, spatial attention was captured by the salient distractor singleton
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before it could be redirected to the target singleton (see Theeuwes et al., 2000 , for evidence in support of this assertion). The initial bottom-up shift of attention to a salient singleton is thought to be the result of relatively inflexible, "hardwired" mechanisms.
There is a continuing controversy with respect to whether attentional capture in Theeuwes's (1991 Theeuwes's ( , 1992 Theeuwes's ( , 1994 ) additional singleton task is indeed completely bottom up (see, e.g., Folk & Remington, 1998; Folk, Remington, & Johnston, 1992) . For example, Bacon and Egeth (1994) suggested that attentional capture was found in Theeuwes's visual search task because participants adopted a singleton detection strategy to find the target. When participants engage in this strategy, they direct attention to the location having the largest feature contrast (which was the distractor singleton). However, when participants choose a feature detection strategy there is no attentional capture by the irrelevant singleton. Even though this notion is viable, in a recent study Theeuwes (2004) showed that the idea of differential search strategies may be questionable and that the absence of capture may not be the result of differential top-down search strategy, but simply of reduced salience of bottom-up signals.
Notwithstanding the ongoing dispute concerning whether feature singletons capture attention in a purely bottom-up fashion (for some recent studies, see Abrams & Christ, 2003; Boot, Brockmole, & Simons, 2004; Franconeri & Simons, 2003; Horstmann, 2002; Theeuwes, 2004) , it is generally agreed that the presence of an irrelevant salient singleton slows search for a target singleton.
The present study was designed to both (1) provide converging evidence that irrelevant singletons influence perceptual sensitivity or detectability of target processing and (2) determine the spatial distribution of attention in displays in which an irrelevant singleton is present. Instead of measuring response latency, we employed methods derived from signal detection theory (SDT). Unlike reaction times (RTs), signal detection measures allow for the separation of perceptual and decision-level effects of attention. To map out the spatial distribution of visual attention, we employed a method similar to that used by Handy, Jha, and Mangun (1999, see also Handy, Kingstone, & Mangun, 1996; Hawkins et al., 1990) . Participants were required to make a two-choice forced decision regarding the orientation of a small target bar, which was consistently located in the shape singleton (a gray diamond among gray circles). On some trials, an irrelevant color singleton (a red circle) was present.
Given previous research and theorizing, we expect that the presence of a singleton distractor will influence the detectability of the predefined target, as reflected in measures of perceptual sensitivity. Furthermore, we predict that sensitivity will also be modulated as a function of the distance between the singleton target and the distractor, suggesting that disruption of processing by the task-irrelevant singleton is the result of spatial attention.
METHOD Participants
Fifteen participants took part in the experiment. All had selfreported normal or corrected-to-normal vision and reported having no color vision defects.
Stimuli
The display was similar to that of Theeuwes (1992) . Nine display elements were spaced at equal intervals around the fixation point on an imaginary circle (5.8º radius). The display consisted of eight gray outlines of circles (1.94º in diameter; 4.6 cd/m 2 ) and one diamond (1.9º per side), which constituted the target shape singleton. In the distractor condition, one of the gray circles was replaced by a red circle (8.5 cd/m 2 ). The target-distractor singleton distance was systematically varied: The number of elements between the target and the distractor was 0, 1, 2, or 3, representing a separation of 4.0º, 7.4º, 10.4º, or 11.4º (Euclidian distance, center to center), respectively. A small gray target bar (0.73º) was consistently placed inside the target shape singleton. The mask consisted of a set of randomly oriented filled gray line segments (4.6 cd/m 2 ) at various orientations. Figure 1 gives an example of the displays.
Procedure
The procedure was similar to that of Handy et al. (1999) . A fixation cross was presented for 1,000 msec, followed by the display for 116 msec, which was then immediately masked for another 116 msec. The participants were required to direct their attention to the shape singleton and to make a discrimination judgment of the target bar's orientation (i.e., vertical or horizontal) inside the shape singleton. The participants were required to respond only to the designated target orientation (i.e., on "go" trials only), which was counterbalanced across participants. A hit was defined as a response on trials in which the designated target orientation was present, and a false alarm was defined as a response on trials in which the designated target orientation was absent. Accuracy was stressed. The participants received feedback about their hit and false alarm rates every 72 trials.
In order to minimize the possibility of floor or ceiling effects in accuracy, target line length was adjusted on line to ensure that performance remained near 75% correct. Every 10 trials, the overall performance (hits and false alarms) was calculated. If overall accuracy dropped below 65%, line length was increased. If performance was better than 85%, line length was reduced. Since no-distractor and distractor trials were randomized in blocks, the adjustment procedure was used for both conditions.
Design
In total, the participants performed 864 experimental trials run on 2 separate days. Before the start of the experiment, the participants performed 144 practice trials. During practice, the search display was presented longer than it was during the experimental trials (for 166 msec instead of 116 msec). There was an equal number of distractor and no-distractor trials. For the distractor condition, a distractor could be presented near (0 [ 
RESULTS
The d′ and A′ measures 1 were calculated for each participant. The data of 1 participant were removed because of a d′ of less than 0.70 (which was half of the mean d′ of the other participants). Table 1 presents the mean d′s, hit rates, false alarm rates, and A′s for the no-distractor and distractor conditions. When no distractor was present, both d′ and A′ were significantly higher than they were when a distractor was present [for d′, F(1,13) In an additional analysis, we calculated the d′ as a function of target-distractor distance (near vs. far). Planned comparisons showed that, relative to the no-distractor condition (d′ ϭ 1.52), a near distractor significantly reduced d′ [d′ ϭ 1.30; F(1,13) ϭ 9.77, MS e ϭ 0.034, p Ͻ .001]. A far distractor had no effect on d′ (d′ ϭ 1.46 vs. d′ ϭ 1.52; F Ͻ 1). The difference in d′ between a close distractor and a far distractor was reliable [d′ ϭ 1.30 vs. d′ ϭ 1.46; F[ (1, 13) 
DISCUSSION
The present results are clear. When searching for a shape singleton, the presence of a color singleton modulates target detectability. Spatial cuing studies showed that increased spatial attention can enhance gains for inputs (e.g., Handy et al., 1999; Hawkins et al., 1990 ). The present findings indicate that the presence of an irrelevant singleton reduces the gain for input at the target location. In line with earlier claims (e.g., Theeuwes, 1991 Theeuwes, , 1992 Theeuwes, , 1994 , it is assumed that the presence of an irrelevant singleton reduces the sensory gain at the target location because the irrelevant singleton captures spatial attention. It is this capture of attention by the irrelevant singleton that results in reduced attention at the target location, leading to a reduced target detectability.
The present finding confirms those of earlier studies in which RT was used as the principal dependent measure (e.g., Theeuwes, 1992) . It has been argued that RT and signal detection measures index different aspects of attention-related processing (see, e.g., Handy et al., 1996; Hawkins et al., 1990) . It is generally agreed that d′ reflects earlier perceptual processing such as the sensory encoding of a stimulus (see, e.g., Handy et al., 1996) , whereas RT can reflect both earlier perceptual and later responserelated operations. The present observation that the effect on d′ is similar to that on RT confirms earlier claims that RT data obtained with an additional singleton paradigm (Theeuwes, 1992) represents additional perceptual processing and not operations occurring after an item has been selected for processing (such as the speed by which attention can be disengaged from a distractor location; see Theeuwes & Godijn, 2001 , for a discussion).
The finding that target detectability (d′) is affected only by distractors close to the target and not by distractors presented farther away is in line with findings reported by Mounts (2000a Mounts ( , 2000b and Caputo and Guerra (1998; see also Cave & Zimmerman, 1997; Cepeda, Cave, Bichot, & Kim, 1998; Theeuwes & Godijn, 2001) . Mounts (2000a) argued that a target-distractor distance effect should be considered as additional evidence that the distractor singleton captured attention. It is argued that the consequence of selecting an object is the inhibited processing of neighboring objects. Mounts (2000a) explains the mechanism by which selection occurs in these tasks in terms of inhibition to prevent ambiguities in perceptual coding (see, e.g., Luck, Girelli, McDermott, & Ford, 1997) or in terms of resources-that is, the salient item pulls more resources away from the closer than from the more distant elements (see, e.g., Bahcall & Kowler, 1999) .
Even though the target-distractor separation effect may be explained in terms of inhibitory surround processing, it may also be consistent with an attentional capture account. Note, however, that, according to an attentional capture account that assumes that time to reorient attention to the target increases with target-distractor distance, the distance effect should increase with increasing separation between target and distractor. In the present ex- periment, we found the opposite pattern, which seems to be incompatible with an attentional capture account. Nevertheless, there is little evidence that the time to shift attention depends on the distance over which attention must be shifted. In fact, Kwak, Dagenbach, and Egeth (1991) provided a compelling demonstration that attention shifts are time invariant to the distance traveled. Thus, when time-invariant shifts are assumed, there should be no distance effect: Attention is captured by the singleton distractor and shifts in a time-invariant way to the target. That a singleton close to the target causes a larger effect on d′, however, is in accord with the recent demonstration that signal salience plays a crucial role in attentional capture (Theeuwes, 2004) . It is possible that the salience of the singleton target depends on the extent to which this singleton target stands out from its environment. An element surrounded by a homogeneous group of contrasting elements will be more salient than an element that is surrounded by a less homogeneous local environment. Therefore, it is possible that the buildup of activation signaling the singleton target is slower when a color singleton is nearby than when the color singleton is on the opposite side of the visual field. According to this view, the closer the singleton distractor is to the singleton target, the less salient the singleton target becomes and the longer it takes to reorient attention to the singleton target after it has been captured by the color singleton. This mechanism is related to the weight linkage process described by Duncan & Humphreys (1989) , which refers to the ease with which nontarget elements can be rejected. Obviously, if the activation signaling the singleton target depends on the extent to which the singleton target is unique in its local surroundings, then the separation effect represents simply the strength of activations and not inhibitory processing.
